We used light scattering and ultracentrifugation to study the binding ratio of myosin and actin from normal and failing dog hearts and to determine the effect of temperature and adenosine triphosphate (ATP) on the binding. For comparison, similar studies were done on myosin and actin from rabbit skeletal muscle.
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CONWAY, HEAZLITT, ROBERTS, STEWART femoral arteriovenous fistulas. Heart failure was confirmed by the clinical state of the animal, abnormal intracardiac pressures and findings at autopsy as previously outlined (8) . Contractile proteins of white skeletal muscle were obtained from the adductor magnus and vastus lateralis muscles of rabbits.
Myosin was prepared from both skeletal and cardiac muscle by the method of Mueller et al. (9) . Actin was extracted from acetone muscle powder by a method differing from that of Carsten and Mommaerts (10) only by the use of MgCl, 5 X KHM, in the first, and 1 X 1(HM in the second, polymerization.
Final polymerization of the actin was accomplished by dialysis against 0.1M KC1 adjusted to pH 7.0 at 4°C with tris (hydroxmethyl)-aminomethane (Tris). Dialysis was carried out for 72 hours and against a volume sufficient to reduce the free ATP to less than 10" 8 M. Ascorbic acid, 2 X IO^M, was added to the solutions used during the first 48 hours of dialysis.
Heavy meromyosin was prepared by digestion of myosin with chymotrypsin (11) . For cardiac myosin, the digestion time was lengthened to 20 minutes. After isolation, heavy meromyosin was dialyzed in solutions containing 0.02M dithiothreitol until the final two changes of dialyzing solution made during the 48 hours prior to experiments with the protein.
The experiments were completed within 6 days after extraction of myosin from muscle (or preparation of heavy meromyosin) and actin from acetone powder. Acetone powder was used within 2 weeks after preparation, during which time it was stored under vacuum at -20°C.
The protein concentrations of the stock actin and myosin solutions were calculated from their nitrogen content, which was determined by the micro-Kjeldahl method. The nitrogen content of myosin was taken as 16.7% (12) and for actin as 16%.
Analytical centrifuge studies were done in a Spinco model E ultracentrifuge equipped with a Wolter phase plate and temperature-indicating and control devices. A Durrum-Jasco recording spectropolarimeter was used for the optical rotatory dispersion studies. Parachloromercuribenzoate was used to estimate reactive sulfhydryl groups (SH~) according to Boyer (13) .
The light-scattering technique was used for our work because it permits the study of protein solutions at low concentrations. It was not possible to estimate the free concentration of any of the reactants directly, but in most of the experiments done at 24°C there was a rather definite break observed in the plot of RQ 1 versus myosin concentration for solutions of varying myosin-actin ratio. It was assumed that no additional actomyosin formation occurred at a myosin concentration greater than that at the breakpoint.
The light-scattering studies were carried out in a model 2000 Brice-Phoenix light-scattering photometer coupled to a Brown recorder (Phoenix Precision Instrument Co.). The manufacturer's calibration of this instrument was confirmed by redetermining the machine constants with a Styron standard obtained from Professor Debye. Round light-scattering cells (number C105, Phoenix Precision Instrument Co.) were siliconized and then standardized by use of Styron and benzene.
All glassware used to prepare solutions for light-scattering experiments was cleaned with multiple rinses of dust-free water and the appropriate dialyzing solutions. Dust was removed from water and dialyzing solutions by filtration through a type HA Millipore filter.
Myosin was clarified before light-scattering studies by centrifuging for 60 minutes at 140,000 X g. Calibrated, siliconized all-glass syringes with Teflon needles were used to remove the top two-thirds of the myosin from the centrifuge tube before removing the rotor from the centrifuge.
Actin was clarified in the G form by centrifuging at 78,000 X g for 40 minutes. The top three-fourths of the G-actin solution was removed from the centrifuge tube, adjusted to a concentration of 1.5 to 2.0 mg/ml as determined by the Lowry method (14) , then transferred to a dialysis bag that had been thoroughly rinsed with dust-free water, and polymerized as stated above.
The protein dilutions were made in the lightscattering cells because we found that clarifying the prepared actomyosin solutions by centrifuging for 30 minutes at 20,000 X g removed most of the protein.
Myosin dialyzing solution, either 0.5M KC1, 
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made ranging from actin alone to an 8 to 1 ratio of myosin to actin. Error in volume of the solutions studied by light scattering was estimated to be within ± 1.3% from measurements of the delivery error of the siliconized syringes and pipettes used in their preparation.
Ionic strengths of the final solutions did not vary significantly from 0.56 for those in which phosphate buffer was used, and 0.58 when Tris was the buffer. Solutions buffered with Tris were pH 7.0 at 24°C and pH 7.2 at 10°C; those buffered with phosphate were pH 6.9 at 24°C and pH 7.0 at 10°C.
The cells and solutions were maintained at 0°C until they were transferred to a water bath at 10 ± 0.1°C, where they were equilibrated for 20 minutes before study in the light-scattering photometer.
Readings in the light-scattering photometer were made at angles from 35° through 135° to the path of the incident light, the wavelength of which was 436 mfi. The solutions were then transferred to a water bath at 24 ± 0.01°C and equilibrated for 30 minutes, and the readings were then repeated. Proper temperature was maintained in the light-scattering photometer by circulating water from the appropriate bath through the cell support base and housing of the instrument.
Five mg of ATP in 1 ml of the myosin dialysis solution (pH 7.0) was added to some solutions at 24°C. The readings were then rapidly repeated in order to complete them before hydrolysis of the ATP.
Data Evaluation
An IBM 7040 computer was used to analyze the light-scattering data according to the method of Zimm (15) , using Kc/Re as the dependent variable and sin 2 (0/2) + kc as the independent variable. Here K is as defined for equation 2, k is an arbitrary constant, and c is the concentration. Corrections were made for the scattering of the solvent and back reflection of the cells (16) . The latter correction requires light-scattering measurements from the supplementary angles (180° -6) (16) . Since our instrument does not permit measurements beyond 135°, corrections for 40° and 35° were obtained by extrapolation of the corrections from 90° through 45°.
For each actomyosin solution, a linear equation was fitted to the data from 120°t hrough 35°, extrapolated to zero angle and Circulation Research, Vol. XXIV, May 1969 the value of Ro calculated from the value of Kc/R 0 so obtained. For solutions of actin and of actomyosin plus ATP, a second-degree equation was fitted and R o calculated as above. The computer extrapolations were verified by manually plotting a number of experiments (see Fig. 1 ). The R o values were then plotted against myosin concentration (see, for example, Fig. 2 ).
Estimates of the molecular weight of Factin (M") used in equation 2 were made from values of Ro determined experimentally for actin and actomyosin solutions at 24°C on the low myosin side of the break in the plot (see points for less than 0.3 mg/ml in Fig. 2) , where the values of R o were less than 80% of that at the break. In this region the dissociation of actomyosin is small if K iiss < 10~9.
The formula
Rn.. The higher values of Ro (at higher protein concentration) were given greater statistical weight because deviations at lower values have a greater effect on the calculations of M a , while the reading error is comparable or greater at lower values of Ro.
This procedure for estimating M a was necessary because of the variation of the molecular weight of F-actin with each preparation. Preliminary light-scattering experiments using Zimm's method (15) gave molecular weights ranging from 6 to 8 million for four preparations of F-actin. Variation of M a was also apparent from the values of Rn obtained from each experiment for solutions of F-actin containing no myosin. But an estimate of M a made from a single solution at the low concentrations of F-actin used would The computer then selected that combination of n (hence r and a) and K diss which yielded the set of theoretical R o values with the least standard deviation from the experimental Ro values.
The values of M a , n, and a selected from the data at 24°C were assumed to apply at A and B: Plots of Kc/R e versus sin 2 (e/2) + c from experiment 13 VI 67; dog heart F-actin and myosin in phosphate buffer, pH 7.0, 24°C. Lower linear plots are from experimental solutions containing 0.077 mg/ml F-actin and from 0.120 mg/ml to 0.480 mg/ml myosin. Upper curved plots are from the same solutions after the addition of ATP to 6.2 X JO-**/, except plot with symbol X, which is actin only. The symbol at the lower left terminus of each plot is the value of Kc/R e found by extrapolation to 0 = 0 of a first degree equation (lower group of lines) or a second degree equation (upper group) fitted to each set of data. The same symbol when circled is the value found for the solutions containing ATP by the alternative procedure of linear extrapolation through the 45°, 40°, and 35° data points (19) . B: Plots from A exhibiting widest scatter demonstrate the variation of the experimental data from the best-fitting equation.
10°C and were used in the computer program to obtain values of K dis8 at 10°C. To find these K aiss values, the computer first calculated the approximate concentration of bound myosin (and hence p) for each Ro obtained experimentally at 10° C by testing that Ro against the Kt fiS8 = 10~1 0 thoretical curve. Then a K diss value for each Ro was calculated by the relation, K dUa = (m -pa)(l -p)/p, and the median selected. From the median, the K d is a which gave theoretical values of R o with the least standard deviation from the experimental values at 10°C, was approached by trial and error in 1% increments of K diS8 above and below the median.
In a few cases (experiments 13 VI 66, 6 XII 66, 7 II 67 and 1 III 67) some experimental values of R o differed from the theoretical values by more than twice the standard deviation. The deviant values were discarded and equation 2 fitted to the revised data.
Results
The results of this investigation are tabulated in Table 1 . The average combining ratio of cardiac myosin to actin, by weight, was 4.8 : 1 for eight experiments from which the ratios ranged between 4.6 : 1 and 5 : 1. A ninth experiment (18 IV 67) yielded a combining ratio of 3.1:1, outside the range of all experiments. Four experiments with skeletal myosin and actin gave an average value of 4.4 : 1 for the combining ratio and the range was from 4.2 : 1 to 4.5 : 1.
The combining ratio of the contractile proteins from both the heart and skeletal muscle was not affected by the buffer employed in the solvent. At 10°C, values of the dissociation constant for cardiac actomyosin were greater in phosphate buffer than in Tris, and the latter values were similar to those for skeletal muscle proteins in phosphate buffered solutions.
Phosphate buffer had little effect on the dissociation of skeletal actomyosin, comparable values of Ro being found at 10° and at 24°C for duplicate sets of solutions (experiment 7 II 67); one set in phosphate buffered solvent and the other in 0.6M KC1 adjusted to pH 7.0 with KOH. Consistent data could not be obtained from experiments with skeletal muscle proteins when Tris was used; however, it appears that in the presence of Tris the dissociation constant found for skeletal muscle proteins at 10° is near that obtained at 24°C.
Because of the possibility that Tris was affecting the combining ability of myosin by changing its conformation, we used optical rotatory dispersion to study myosin in Tris and in phosphate buffer. The specific rotation, [<*]233, of cardiac myosin was -11,500° • ml/ (g • dm) in Tris buffer and -11,600° • (g • dm) in phosphate buffer. For skeletal myosin, the values were -11,000° • ml/(g • dm) in both Tris and phosphate. Both Tris and phosphate solutions were at pH 7.0 (24°C). The readings are considered accurate to ± 50°.
To exclude significant loss of reactive SH~, we titrated the SH~ groups of the myosin remaining at the conclusion of experiments 23 V 67 (Tris buffer) and 13 VI 67 (phosphate buffer). Values of 38.4 and 34 moles of SHp er 5 X 10 5 g of myosin were found for the respective myosin samples.
Cardiac myosin combined with skeletal actin in a ratio of 4,7 :1 and the dissociation constant at 10°C was similar to that observed when both myosin and actin were obtained from heart muscle. When skeletal myosin combined with cardiac actin, the combining ratio was 3.9 :1 and the dissociation constant at 10°C was comparable to those found when both proteins were from skeletal muscle.
The combining ratio found from two experiments with myosin and actin from failing dog hearts was similar to that obtained from normal dog hearts. But the dissociation constant at 10°C was somewhat greater than that obtained from experiments done with normal heart proteins ( Table 1 and Fig. 3 ).
In experiment 8 VIII 66, light-scattering measurements were made at 10° and at 24°C, the solutions were then stored at 4°C and the measurements repeated on two successive days. Similar values of Ro were obtained at the respective temperatures, demonstrating that the increase in R o obtained at 24°C was •Experiments done with phosphate buffer; fexperiments clone with Tris buffer. c o = concentration of actin mg/ml; M a = molecular weight of F-actin; K Alss = dissociation constant with temperature °C given by superscript, SD = standard deviation of experimental from theoretical values of R n calculated using given value of K (!iM ; n = the number of myosin-binding sites per F-actin molecule; r = the w/w binding ratio of myosin to actin. 
Proteins
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Comparison of experimental values of R o with theoretical values of R o for 10° C (continuous line) and 24° C (broken line), calculated using indicated values of K diKS chosen as described in text. Experimental values for R o at 24° C indicated by o and after addition of ATP by A. Experimental values of R o at 10° C indicated by ».
A: Normal dog heart; same experiment plotted in Figure 1 The approach, at high myosin concentration, of the value of R g at 10° C to that at 24° C, as predicted by the law of mass action, assuming the same number of binding sites was available at both temperatures. reversible with cooling and that the relationship of Ro to temperature was retained for at least 48 hours.
The results of experiment 16 V 66 (Fig. 4 ) demonstrated that the theoretical dissociation curve for 10°C was followed. At high myosin- Dog heart myosin and F-actin in 0.5M KCl and 0.05M phosphate buffer, pH 7.0; bar angle 60° (see text for comment). A: Both cells contained F-actin, 0.5 mg/ml. In the wedge cell (upper diagram) myosin was 1.5 mg/ml and in the plane cell (lower diagram), 1.2 mg/ml; temperature was 2.6° C. After 12 minutes at 59,780 rpm and 23 minutes after start. B: Same as A except temperature was 24° C. After 4 minutes at 59,780 rpm and 15 minutes after start. C: Wedge cell (upper diagram), F-actin 0.34 mg/ml and myosin 1.36 mg/ml; plane cell, F-actin 0.4 mg/ml and myosin 1.27 mg/ml. MgCl 2 was added to 2.5 X 10~3M and ATP to 8 X 10~^M in both cells; temperature was 24° C. Picture taken during acceleration, 9 minutes after start and at 59,000 rpm. D: Same as C, after 33 minutes at 59,780 rpm and 43 minutes after start.
actin ratios, the experimentally determined values of R o approached those found at 24°C for the same solution.
ATP was added at 24°C to experiments 18 IV 67, 23 V 67, 13 VI 67, 22 VII 67, 12 IX 67, 7 X 67, and 24 X 67, and the angular lightscattering data, when evaluated as described above, were consistent with dissociation of the actomyosin. The values of Kc/Re were then plotted and linear extrapolations made through the low-angle points as suggested by Benoit et al. (19) . Few of the values of R o obtained by this procedure approach those obtained before the addition of ATP, most are near the theoretical values calculated for dissociated myosin and F-actin ( Figs. 1 and  3) .
The analytical ultracentrifuge was used to further study the effect of temperature and ATP on actomyosin. The values given for the sedimentation coefficients (S) have been calculated without consideration of the effects of multicomponent systems, nor were corrections made for temperature, protein concentration and radial dilution. Consequently, these values are only approximations, but they are useful for purposes of comparison. Figure 5A is from an experiment done at 2.6°C. The rapidly sedimenting F-actin, represented by the double peaks (•-20S and -30S) best seen in the upper diagram, and large myosin peak (3.6S) are consistent with a high degree of dissociation. At 24°C (Fig.  5B) , most of the protein settled rapidly as bifid actomyosin peaks (--^ 45S); the small, slower-moving peak (~ 6S) is consistent with unbound myosin. Figures 5C and 5D are from a similar experiment at 24°C with the addition of MgCl 2 to 2.5 X 1(HM and ATP to 8 X ICHM. In Figure 5C a small, fast-moving peak, presumably F-actin, appears and rapidly F-actin and heavy meromyosin in 2.5 X 10-3 M MgCl 2 and Tris 2.5 X 10~2M, pH 7.6. See text for comment.
A, B, and C: Skeletal proteins; temperature, 4° C; F-actin, 0.6 mg/ml, and heavy meromyosin, 1.2 mg/ml. Wedge cell, upper diagram, contained ATP 3.8 X 10~SM. A and B: During acceleration, after 3 and 5 minutes and at 28,000 and 29,500 rpm, respectively. C. After 8 minutes at 29,500 rpm and 13 minutes after start. Small double peaks in wedge cell settled rapidly and became too flat to measure. No further peaks formed.
D, E, and T: Cardiac proteins; temperature, 4° C. F-actin, 0.7 mg/ml, and heavy meromyosin, 1.4 mg/ml. Wedge cell, upper diagram, contained ATP 3.8 X 10~SM. D: After acceleration for 1 minute, speed, 6000 rpm. E: After 12 minutes at 29,500 rpm and 17 minutes after start. F: After 12 minutes at 59,780 rpm and 37 minutes after start. Slow-moving heavy meromyosin peak later separated into two (~ 3S and ~ 4.5S flattens out (cf. Fig. 6 ). In Figure 5D , large myosin peaks (5.3S) are seen in both cells. Figure 6 is of cardiac F-actin taken 9 minutes after start. The plane cell (lower diagram) contains actin at the same concentration as was present in the experiments shown in Figures 5C and 5D and shows the difficulty of identifying, with schlieren optics, an F-actin peak at this concentration.
At low ionic strength, cardiac and skeletal F-acto-heavy meromyosin settled as a dense gel even at low temperature (Figs. 7A, D) . ATP, at 3.8 X 10" 3 M, only decreased the gel in the skeletal F-acto-heavy meromyosin (Figs. 7B, C) but dissociated cardiac F-acto-heavy meromyosin (Figs. 7E, F) . At 9x 10" 3 M, the ATP also dissociated skeletal F-acto-heavy meromyosin (Figs. 7G, H ).
Discussion
We have found that dog cardiac myosin and actin combine in a ratio of 4.8 to 1, by weight, which is higher than the ratio (4.4 :1) found for skeletal myosin and actin. The latter ratio is somewhat greater than the values ranging between 3.7 : 1 and 4.3 :1 found previously for skeletal myosin and actin (20) (21) (22) (23) and may result from modifications in the preparative method for actin which decreases tropomyosin contamination. Szent-Gyorgyi (21) found a combining ratio of 4.3:1 for skeletal proteins when he studied actin from which most of the impurities had been removed. Gergely and Gouvea (24) , using data from viscometry and superprecipitation, concluded that cardiac myosin and actin combined in a ratio of 2 to 1.
We found no evidence that the higher myosin-to-actin combining ratio reflected the presence of inactive myosin, which might result from the loss of reactive SH~ during the 6-day period between death of the animal and completion of the studies. Sreter and coworkers (25) also found no change in the available SH~ following aging of myosin from red and white skeletal muscles of the rabbit.
In our sedimentation studies of F-actinheavy meromyosin binding at low ionic strength, considerable gel was present. When
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the experiments were repeated at a higher ionic strength, a decrease in gel component was demonstrated (Fig. 71) . The binding at low ionic strength of 1 mole of heavy meromyosin to each monomeric unit of actin (a weight ratio of heavy meromyosin to actin of about 7:1) found by Young (26) and by Huxley (27) suggests that heavy meromyosin may participate in the formation of the gel structure. Under the conditions of our lightscattering experiments, the interaction between successive myosin molecules bound to the same F-actin molecule appears to be very small in comparison to myosin-actin interaction (Figs. 2-4) . Consequently, the binding of less myosin than heavy meromyosin to actin may reflect either decreased myosinmyosin interaction or less gel formation at the high ionic strength needed to maintain actomyosin in solution.
The experimental values of R o for skeletal proteins in Tris-buffered solutions increased past the saturation point of actin enough to make it difficult to fit theoretically derived values of Ro to the data. This may reflect an increased tendency for skeletal myosin oi actomyosin to aggregate in Tris-buffered solutions. It appeared that the dissociation constants for skeletal proteins in Tris at 10°a nd at 24°C were similar, in contrast to the values found when phosphate buffer was used. Nanninga (23) also found, for experiments in which Tris was used, only a 10% decrease in the binding of rabbit skeletal myosin and actin at 0°C when compared with the binding at 25°C.
Although inorganic triphosphate decreases the viscosity of actomyosin solutions containing Mg 2+ at low temperatures (28), Johnson and Rowe (29) found no effect of phosphate on the formation of actomyosin. We found no apparent effect of phosphate at 24°C, but we observed a somewhat greater dissociation constant at 10°C for cardiac proteins than for the skeletal proteins when phosphate buffer was used. The difference in the dissociation constant is greater than can be accounted for by the difference in the pH value at 10°C between Tris-and phosphate-buffered solu-tions (22) . At 10°C, comparable values of the dissociation constant were found for cardiac proteins in Tris-and for skeletal proteins in phosphate-buffered solutions.
The reason for the greater dissociation of cardiac than skeletal F-actomyosin in phosphate buffer at low temperature is not apparent. Tonomura et al (22) reported that both Ca 2+ and Mg 2+ increased the rate of actin and myosin binding. But neither the addition of Ca 2+ , within the limits of the solubility in the phosphate buffered solution, nor Mg 2+ to 3 X 10~3M made any difference in the combination of cardiac actin and myosin at 10° or 24° C. Tonomura and co-workers (22) and Laki et al (30) also found a strong temperature dependence of the binding of skeletal actin and myosin and it does not appear that phosphate buffer was used in their work.
Hayashi (31) postulated that the phosphate ion locks the polymer structure of G-ADP actin, thus preventing its depolymerization by low temperature and Johnson and Rowe (29) have suggested that the number of available binding sites on the polymeric actin fibril is temperature dependent. Consequently, at low temperatures, phosphate may alter the F-actin structure in such a way that fewer binding sites are available for myosin. But theoretical light-scattering curves based on this concept are not in accord with the observed data. Further, the agreement of theoretical and experimental R o values at 10°C and high myosin concentration (Fig. 4 ) favors the assumption of Gergely and Kohler (17) that the number of sites does not change with temperature.
From optical rotatory dispersion studies, we found a minor difference in the specific rotation of cardiac as compared with skeletal muscle myosin, but no change in the spectrum of either protein which could be related to the presence of Tris or phosphate. This does not exclude significant but small and undetectable changes in conformation.
The greater dissociation constant found at 10°C for the preparations made from failing hearts requires confirmation; however, we speculate that this reflects alteration of the binding sites of either myosin or actin, or of both.
In the sedimentation studies of cardiac proteins, even at relatively low ratios of myosin to actin, a small peak is seen (Figs. 5B, 7F) settling at a rate consistent with free myosin. Snellman and Erdos (32) and Laki et al (30) reported similar findings for skeletal actomyosin. This suggests that the 24°C dissociation constant may be nearer 10" 8 , a possibility not excluded by our data.
Greater contamination by a-actinin of either skeletal or cardiac actin may result in differences of the polymer structure of F-actin (33) . The molecular weights of the skeletal muscle F-actin samples are greater than those of most of the cardiac F-actin samples, but the intercombination studies suggest that myosin is responsible for the myosin-actin binding differences.
The curvature of the angular lightscattering plots found after addition of ATP to actomyosin is consistent with a marked heterogeneity of the molecular weight, but this was not unexpected since similar plots were found for actin alone. These plots, whether extrapolated manually or by the computer, suggest that dissociation of actomyosin had occurred. This is in agreement with Gergely (18) and Nanninga (23) , who studied reconstituted actomyosin, but in disagreement with Blum and Morales (34) and Gellert and co-workers (35) , who worked with natural actomyosin, and Sekiya et al. (36) , who studied F-acto-heavy meromyosin at low ionic strength.
Our sedimentation experiments indicate that the concentration of ATP (IO^M) used by Sekiya et al. would not dissociate F-actoheavy meromyosin at low ionic strength, but might decrease the gel phase. At low temperature and low ionic strength, ATP more readily dissociates cardiac than skeletal Facto-heavy meromyosin (Fig. 7) .
The results of centrifuge experiments carried out at the same ionic strength (/A = 0.56) and ATP concentration (8 X KHM) as were used in our light-scattering ex-Cireulation Research, Vol. XXIV, May 1969 periments are also consistent with complete dissociation of the actin and myosin (Figs. 5C, D). Johnson and Rowe (29) did not observe the F-actin component in their centrifuge experiments and concluded that ATP dissociated F-actomyosin to G-actomyosin. But the fast-moving F-actin peak is quite small and difficult to discern at the concentration we both have studied (Figs. 5C, 6 ). However, one cannot exclude the possibility that Gactomyosin is present in the myosin peak, since the molecular weight of G-actomyosin would be relatively close to that of myosin.
Values of the molecular weight of F-actin, derived from the light-scattering data for each experiment, were comparable to those found from direct measurement of four samples of F-actin by angular light scattering. The values we found for the molecular weight of F-actin were greater than that (3 X10°) reported by Gergely and Kohler (17) . This may result from differences in methods of preparation, since small differences in ionic strength and pH value during polymerization can cause marked differences in the molecular weight of F-actin (37) .
